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We show that the effective B−L violating couplings of scalar and vector leptoquarks can naturally
induce dimension seven B − L violating operators leading to very interesting nucleon decay modes
such as n → e−pi+, e−K+, µ−pi+, µ−K+ and p → νpi+. This opens a new window to probe the
nature and couplings of the scalar and vector leptoquarks in an ultraviolet model independent way
which can provide an orthogonal probe for scalar and vector leptoquark solutions to the recent
anomalous B-decay data. Furthermore, these B − L violating interactions pave a new way to
understand the origin of matter-antimatter asymmetry of the universe.
Introduction—The renormalizable Standard Model
(SM) Lagrangian interactions cannot violate baryon
number, and consequently, baryon number violation can
only arise through effective higher dimensional opera-
tors with dimension six or higher [1–3], making baryon
number violation a very sensitive probe of new physics
beyond the SM. The leading dimension six operators
can naturally be generated in many grand unified the-
ory (GUT) embedding of the SM and they conserve
baryon number minus lepton number (B − L) symme-
try leading to proton decay modes such as p → e+pi0,
p → µ+pi0 and p → νK+, which have been the pri-
mary focus of the recent experimental searches. On the
other hand, d = 7 operators obeying the selection rule
∆(B−L) = −2 [4, 5] leading to interesting decay modes
such as n → e−pi+, e−K+, µ−pi+, µ−K+ and p → νpi+
have received considerably less attention. These B − L
violating decay modes have been discussed in the context
of GPati-Salam, and SO(10) GUT theories by Pati-Salam-
Sarkar in Ref. [6] and by Babu-Mohapatra in the context
of SO(10) GUT theories in Refs. [7, 8]. In these studies,
driven by the GUT theory motivations, the mass scales
of the mediating particles have been taken to be very
heavy ∼ 1011 − 1013 GeV. In this Letter we point out
that these B − L violating nucleon decay modes provide
a novel way to probe the nature and couplings of the
scalar and vector leptoquarks at an effective level, which
is an extremely general and powerful result, since such
an ultraviolet model independent result not only makes
these B−L violating nucleon decay modes extremely in-
teresting for current and future experimental searches,
but also gives way to a new type of mechanism to un-
derstand matter-antimatter asymmetry of the universe
where simultaneous baryon and lepton number violation
gives rise to a B − L violating asymmetry, which unlike
B − L conserving asymmetry, does not get washed out
by B + L violating sphaleron interactions near the elec-
troweak scale [9]. Furthermore, this result also motivates
the experimental search for B−L violating nucleon decay
modes as an orthogonal probe for TeV scale scalar and
vector leptoquark solutions to the B−decay anomalies,
which are persistent and growing stronger with new data
from the B−factories [10–13], and are currently one of
the strongest hints of new physics beyond the standard
model. To this end, the recent measurements of the ra-
tio of branching fractions of B → K(K∗)`` decays into
di-muons over di-electron modes RK(∗) and the ratio of
branching fractions of B → D(∗)`−ν¯ decays into tauon
over other lepton modes RD(∗) are of particular interest
because in these ratios the hadronic uncertainties can-
cel and consequently, these observables are sensitive to
lepton flavor universality (LFU) violating new physics.
These anomalies have resulted in a plethora of very inter-
esting studies, among which two very popular scenarios
which can address the above anomalies are the extensions
of the SM with scalar leptoquarks and vector leptoquarks
[14]. Vector leptoquark couplings have the potential to
simultaneously explain both RK(∗) and RD(∗) [15], how-
ever a minimal GPati-Salam GUT embedding of such vec-
tor leptoquark is inconsistent with very strong bounds
from various flavor violating processes. Consequently,
non-minimal extensions of such embedding is required to
avoid such bounds [16–18]. On the other hand, single
scalar leptoquark cannot simultaneously address RK(∗)
and RD(∗) data without violating constraints from vari-
ous flavor violating processes and consequently attempts
have been made to use more than one leptoquark and to
embed them in minimal GUT frameworks to such end
[19, 20]. In this Letter we will primarily focus on the
scalar leptoquark states tabulated in Table. I and the
vector leptoquarks U1 : (3,1,2/3) and V˜2 : (3,2,−1/6).
LQ GSM SU(5) GPati-Salam SO(10)
S1 (3,1,1/3) 5, 45, 50 (1,1,6), (1,3,10) 10, 120, 126
S′1 (3,1,−2/3) 10 (1,3,6) 120126
S˜1 (3,1,4/3) 45 (1,3,6) 120126
R˜2 (3,2,1/6) 10, 15 (2,2,15) 120, 126
R2 (3,2,7/6) 45, 50 (2,2,15) 120, 126
S3 (3,3,1/3) 45 (3,1,6) 120, 126
TABLE I: Transformation properties of scalar Leptoquarks
under the SM gauge group GSM ≡ SU(3)c×SU(2)L×U(1)Y
and the relevant SU(5), GPati-Salam ≡ SU(2)L × SU(2)R ×
SU(4)c, SO(10) representations.
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2Effective leptoquark couplings and B − L vio-
lating operators with d = 7—The dimension seven
B–violating effective operators invariant under the SM
gauge group which follow the selection rule ∆(B − L) =
+2 and mediate (B − L) violating nucleon decays are
given by [4, 5]
O1 = (QiQj)(dcLk)∗H∗l ijkl,O2 = (QiQj)(dcLj)∗H∗i ,
O3 = (dcdc)∗(Qiec)H∗i , O4 = (dcdc)∗(ucLi)∗H∗j ij
O5 = (dcuc)∗(dcLi)∗H∗j ij , O6 = (dcdc)∗(dcLi)∗Hi,
O7 = (dcDµdc)∗(LiγµQi), O8 = (dcDµLi)∗(dcγµQi),
O9 = (dcDµdc)∗(dcγµec) , (1)
where i, j, k, l are SU(2)L indices, and all the fermion
fields are written in terms of left handed spinors. We
will first show that some of these operators can arise nat-
urally in the presence of effective trilinear couplings in-
volving two scalar (vector) leptoquarks and the SM Higgs
doublet. Interestingly, at the effective level the coupling
coefficient of these trilinear interactions have mass di-
mension unity and is proportional to the B − L break-
ing scale, which can in principle be decoupled from the
gauge coupling unification scale in a given UV complete
model. We will first treat the problem at an effective
level where we will only fix the effective mass scales cor-
responding to the coupling coefficient of this trilinear in-
teractions and the mass scales of the leptoquark states to
show that these operators can give rise to nucleon decay
rates which can be probed at the current and future ex-
perimental nucleon decay search facilities. The relevant
effective trilinear scalar interactions invariant under the
SM gauge group GSM ≡ SU(3)c × SU(2)L × U(1)Y are
given by
Lscalar ⊃ −λ1R˜†2HS†1 − λ˜2R˜†2H†S′†1 − λ2R†2HS′†1
−λ3R˜† i2 (~τ .S3)† ijHk + h.c. , (2)
where i, j, k are SU(2)L indices. To see the B − L as-
signments of the scalar leptoquark states and the above
couplings let us write down the Yukawa interactions for
the relevant scalar leptoquarks at an effective level—
LYS1 ⊃ −(y1S1QiLL
j
L
ij + y2S1
cucLd
c
L)S1 (3)
−(y3S1cQiLQjLij + y4S1ucLecL + y5S1dcLνcL)S†1
LYS′1,S˜1 ⊃ −y
1
S′1
ucLν
c
LS
′†
1 − y2S′1
cdcLd
c
LS
′
1
−y1
S˜1
dcLe
c
LS˜1 − y2S˜1
cucLu
c
LS˜
†
1 (4)
LYR˜2,R2 ⊃ −y
1
R˜2
dcLL
i
LR˜
j
2
ij − y2
R˜2
νcLQ
i
LR˜
† j
2 
ij
−y1R2ucLLiLRj2ij − y2R2ecLQiLR† j2 ij (5)
LYS3 ⊃ −y1S3QiLLkLij(~τ .~S3)jk + y2S3cQiLQkLij(~τ .~S3)† jk(6)
where c corresponds to the SU(3)C tensor; i, j, k are
SU(2)L indices. From Eqs. (3), (4), (5) and (6) it fol-
lows that B and L can not uniquely be defined for S1,
S′1, S˜1 and S3 in the presence of all allowed interactions;
however, the quantum number B−L can be uniquely de-
fined for all the leptoquarks and (B−L)S1,S′1,S3 = +2/3,
(B − L)S˜1 = −2/3, (B − L)R˜2,R2 = +4/3. From a sym-
metry point of view, in the presence of these scalar lep-
toquarks as new physics beyond the SM this simple ob-
servation hints towards B − L as a fundamental local
or global symmetry, and naturally motivates UV embed-
ding of scalar leptoquarks in frameworks like SO(10) or
GPati-Salam, which can manifest B − L as a local sym-
metry at a high scale. Using the B − L assignments
for the leptoquark states it can be readily verified from
Eq. (2) that each of the terms carry a B − L charge −2
and consequently together with the Yukawa interaction
given in Eqs. (3), (4), (5) and (6) they can give rise
to B − L violating proton decay operators given in Eq.
(1) with ∆(B − L) = +2 [40]. The vector leptoquarks
Q
Q
L
dc
S1 R˜2
H
dc
dc
L
dc
S ′1 R˜2
H
dc
dc
L
uc
S ′1 R2
H
Q
Q
L
dc
S3 R˜2
H
dc
Q
L
Q
V˜2 U1
H
L
uc
dc
ec
V˜2 U1
H
FIG. 1: Some representative diagrams realizing the effective
B − L violating d = 7 operators induced by the trilinear lep-
toquark couplings.
V˜2 : (3¯, 2,−1/6) and U1 : (3, 1, 2/3) can also induce the
d = 7 operators of Eq. (1) through the effective coupling
Lvector ⊃ −χ1V˜2U1H† + h.c. , (7)
where the vector leptoquarks couple to the SM fields
through the interactions
LU1,V˜2 ⊃ +x1Q¯LγµU1,µLL + x2d¯cLγµU
†
1,µe
c
L
+x3u¯
c
Lγ
µU†1,µν
c
L + +x˜1u¯
c i
L γ
µV˜ j2,µ
ijLiL (8)
+x˜2Q¯
i
Lγ
µij V˜ † j2,µν
c
L + x˜3d¯
c
Lγ
µV˜ †2,µQL + h.c. .
The couplings in Eq. (8) leads to the B−L assignments
(B − L) = (4/3, 2/3) for (U1, V˜2). Consequently, Eq. (7)
together with the Yukawa interaction given in Eq. (8))
lead to ∆(B − L) = 2 nucleon decay. In Fig. 1. we
show some representative diagrams inducing d = 7 B−L
violating nucleon decay operators in the presence of the
scalar and vector leptoquark couplings discussed above.
3For illustration purposes we will consider the simple case
of partial lifetime for the decay mode n → e−pi+. The
lifetime for this decay mode induced by the trilinear cou-
pling involving scalar leptoquarks P1,2 and H, can be
estimated by [23]
Γs(n→ e−pi+) ≈
|Y ∗P1YP2 |2
64pi
G2
β2Hmp
f2pi
λ2v2
M4P1M
4
P2
, (9)
where λ correspond to the dimensionful B − L violating
trilinear coupling of X1,2 and H; YX1 and YX2 are the
Yukawa couplings for the scalar leptoquarks X1 and X2.
v ≡ 〈H0〉 = 174 GeV, βH ' 0.012 GeV3 is the nucleon
decay matrix element and G ≡ (1 +D + F ) ' 1.3 where
the D and F correspond to contributions from chiral La-
grangian factors. The decay rate induced by the effective
coupling involving vector leptoquarks U1, V˜2 and H given
in Eq. (10) is given by
Γv(n→ e−pi+) ≈
|x∗U1xV˜2 |2
64pi
G2A
|α¯H |2mp
f2pi
χ21v
2
M4T1M
4
T2
.(10)
Here xU1 and xV˜2 are the couplings of U1 and V˜2 with SM
fields, A = |AL|2R with R = [(ASR +ASL)(1 + |Vud|2)2]
for SO(10) where AL ∼ 1.25 and ALASL = ALASR ∼
3.2 [24, 25]. αH = α¯HG ' 0.012 GeV3.
Observable B − L violating nucleon decay rates
and the B-decay anomalies—At an effective level the
computation of the decay rates given in Eqs. (9) and
(10) depends on the effective mass scales corresponding
to the coupling coefficient of the B−L violating effective
interaction involving two leptoquarks and H; and the
leptoquark mass scales. In this section we will show that
one can have observable B − L violating nucleon decay
rates for some of the leptoquarks with mass as low as TeV
scale, which is very interesting because the explanation
the B-decay anomalies with scalar (vector) leptoquarks
require the masses of such leptoquarks to be at around
the TeV scale, and such mass scales of the leptoquarks
will be probed by the direct searches at the LHC in the
near future. Moreover, if the collider searches find lepto-
quark new physics at around TeV scale then the search
for B−L violating nucleon decays also provides an unique
opportunity to indirectly probe B −L breaking scale far
beyond the reach of the current collider searches. From
Eq. (3) and (4) is follows that S1, S
′
1 and S˜1 can me-
diate d = 6 nucleon decay and consequently the experi-
mental searches for d = 6 nucleon decay constrain their
mass scales to be relatively large MS1,S′1,S˜1
> 1011GeV
for Yukawa couplings Y ∼ 10−3. On the other hand
R2 and R˜2 are not subjected to such constrains and can
have relatively low masses. From Eq. (6) it follows that
in the presence of both diquark and leptoquark type cou-
plings S3 can also lead to d = 6 nucleon decay; however,
it has been recently pointed out that particular choices
of Higgs multiplets in UV embeddings (discussed briefly
in the next section) can avoid inducing the diquark cou-
pling of S3 [26] and consequently in such scenarios one
can have TeV scale S3, which is capable of explaining the
neutral current anomalies in b→ s`` observables success-
fully. Interestingly, a TeV scale S3 alone cannot simulta-
neously explain the charged current anomalies in b→ c`ν¯
without violating constrains from other flavor violating
observables. However, a particularly interesting scenario
arises when S3 and R2 are both around TeV scale. It
has been recently pointed out that in such a scenario one
can address the neutral current anomalies in b→ s`` and
charged current anomalies b→ c`ν¯ simultaneously while
being consistent with other constraints from flavor violat-
ing processes [27]. As a benchmark point taking MR2 ∼ 1
TeV, MS′1 ∼ 1016 GeV, yS′1,R2 ∼ 10−3 we find from Eq.
(9) that the lifetime τ ≈ 3× 1033 yrs for λ2 = 1011 GeV,
which is in the observable range of current and future
experiments. Such a choice of mass spectrum can be mo-
tivated by a intermediate symmetry which fixes the scale
of B − L symmetry breaking and consequently fixes the
scale of λ2. An example of such intermediate symmetry is
GPati-Salam ≡ SU(2)L × SU(2)R × SU(4)c in the SO(10)
embedding of the scalar leptoquarks, where one obtains
gauge coupling unification at around 1016 GeV for the
intermediate symmetry scale MI = MGPati-Salam ≈ 1011
GeV [28–35]. Analogous results are obtained from the tri-
linear couplings involving the pairs R˜2 −S1 and R2 −S′1
where MR2,R˜2 ∼ 1 TeV, MS′1,S1 ∼ 1016 GeV. In the sce-
nario where the diquark coupling of S3 are present one re-
quires MS3 > 10
11GeV which is not very interesting from
the point of view of B-decay anomalies. Interestingly, the
pair S3 − R˜2 can avoid inducing both d = 6 and d = 7
nucleon decays in the absence of the diquark coupling of
S3, and consequently both S3 and R˜2 can have masses at
around TeV scale. Though this scenario renders the pair
S3− R˜2 incapable of inducing B−L nucleon decay but it
can lead to low scale baryogenesis in the presence of more
than one S3 or R2 with nearly degenerate masses. For
vector leptoquarks we note that a TeV scale U1 can ad-
dress the anomalies in b→ s`` and b→ c`ν¯ data simulta-
neously. However, the strong bound from charged lepton
flavor violating decay processes can only be satisfied if
U1 couples to the SM fields trough a mixing with vector-
like counterparts of the SM fields and moreover the first
generation mixing is further suppressed to account for
the bounds from KL → µe and K → piµe data (e.g. by
some additional flavor symmetry) [16–18]. To account for
such a suppression we parametrize xU1,V˜2 = βgU where
β ∼ 10−3. Taking MU1 ∼ 1 TeV and MV˜2 ∼ 1016 GeV
as it can mediate d = 6 nucleon decay we obtain from
Eq. (10) the lifetime τ ≈ 1.8 × 1034 yrs for the effective
B − L violating scale χ1 = 1011 GeV, which is again in
the observable range of current and future experiments.
Examples of UV completion— The effective B−L
violating couplings can naturally arise in GUT theories
4like SO(10) and GPati-Salam ≡ SU(2)L×SU(2)R×SU(4)c
whereB−L is a part of the local gauge symmetry. In such
theories the effective B − L violating couplings given in
Eqs. (2) and (7) can arise when the local B−L symmetry
is broken by giving a vacuum expectation value to the SM
singlet field ∆c carrying B−L = −2. ∆c is present in the
126H multiplet of SO(10) and corresponds to (1, 3, 10)
underGPati-Salam [7, 8]. Note that in SO(10) GUT ∆
c can
also generate large Majorana masses for the right handed
neutrinos through the couplings of the form νcνc∆c. The
effective trilinear coupling R˜†2HS
†
1 can arise from the
quartic coupling (2, 2, 15) · (2, 2, 15) · (1, 1, 6) · (1, 3, 10)
under GPati-Salam where R˜
†
2 ⊂ (2, 2, 15), S†1 ⊂ (1, 1, 6),
H ⊂ (2, 2, 15) and ∆c ⊂ (1, 3, 10). In SO(10) such quar-
tic coupling can be realized as (126)4, (126)2(126)2 and
(126)2(126 10). The effective trilinear couplings R˜†2H
†S′†1
and R†2HS
′†
1 can arise from the GPati-Salam quartic term
(2, 2, 15)·(2, 2, 15)·(1, 3, 6)·(1, 3, 10), where S′†1 ⊂ (1, 3, 6)
and R2 ⊂ (2, 2, 15). In SO(10) such quartic coupling
can be realized by (126)2(120)2 and (126 126)(120)2.
The quartic term (126)2(120)2 also contains the piece
(2, 2, 15) · (2, 2, 15) · (3, 1, 6) · (1, 3, 10) under GPati-Salam
which can give the effective trilinear coupling R˜2S3H
†
with S3 ⊃ (3, 1, 6). The effective Yukawa couplings
given in Eqs. (3), (4), (5) and (6) can arise from the
Yukawa couplings [36, 37] 16i16j10H , 16i16j126H and
16i16j120H in SO(10) GUT theory, where the Yukawa
couplings corresponding to the Higgs multiplets 10H and
126H are symmetric and corresponding to the Higgs mul-
tiplet 120H is antisymmetric. In SU(5) GUT theory the
effective trilinear B − L violating coupling can arise at
an effective level, e.g. R˜†2HS
†
1 corresponds to 15 45 45
where R˜†2 ⊂ 15, S†1 ⊂ 45, H ⊂ 45. Such couplings can
be realized as a quartic coupling (126)4 in SO(10), which
corresponds to 15(6) · 45(2) · 45(2) · 1(−10) under the in-
termediate symmetry subgroup SU(5)×U(1). A detailed
discussion of how the effective Yukawa couplings given in
Eqs. (3), (4), (5) and (6) can be realized in SU(5) GUT
theory can be found in Ref. [26], where it has been explic-
itly pointed out that the term 10i 10j 45H gives rise to the
diquark coupling for S3 and consequently, such a coupling
must be absent to avoid constraints from d = 6 proton
decay if S3 leptoquark mass is TeV scale. The vector
leptoquarks V˜2 and U1 can also be embedded in SO(10)
framework and the covariant derivative of the 126H mul-
tiplet would contain the quartic term V˜2U1H
†∆c which
leads to the effective term in Eq.(7).
Implications for baryogenesis and neutrino
masses— The (B − L) violating effective couplings in
Eqs (2) and (7) opens up a new possibility of realizing
high scale or resonant baryogenesis [41]. Some of the de-
cay modes which can give rise to high scale baryogenesis
are S1 → R˜†2H, S′1 → R˜†2H†, S′1 → R†2H with S1 and S′1
having a GUT scale masses ∼ 1016 and MR˜2,R2 ∼ TeV.
On the other hand, if MS3 > MR˜2 with both of them
having masses at around TeV scale then one can have res-
onant baryogenesis through the decay mode S3 → R˜†2H
in the presence of at least two generations of S3 with
nearly degenerate masses. For vector like leptoquarks
one can have high scale baryogenesis through the decay
mode V˜2 → U†1H. In Fig. 2 we show the one loop dia-
grams which can interfere with the tree level decay modes
of S1,3 and V˜2 to provide the CP violation. The compu-
tation of the final asymmetry is highly UV model depen-
dent and must also take into account the potential gauge
and Yukawa washout processes [39]. A detailed analysis
of such aspects is beyond the scope of the current Let-
ter and will be addressed in a separate work. Interest-
S1
R˜†2
H
dc
νc
νc
L
S1(S3)
R˜†2
H
Q
L
νc
νc
R˜†2
H
S1(S3) S1′(S3′)
dc, uc, Q, Q¯, u¯c(Q¯)
νc, ec, Q, L¯, d¯c(L¯)
V˜2
U †1
H
Q
νc
νc
L
FIG. 2: One loop corrections responsible for generating (B−
L) asymmetry in S1,3 and V˜2 decays.
ingly, the generation of baryon asymmetry can be directly
linked to the neutrino masses in the presence of ∆c which
can induce the effective B − L violating couplings of the
leptoquarks and generate large Majorana masses for the
right handed neutrinos through a term νcνc∆c. Alterna-
tively, neutrino masses can also be generated through one
loop corrections involving the B−L violating vertices and
up (down) type quarks in the loop [20]. Thus depending
on the mass scales and UV completed model these two
contributions will compete to generate the correct neu-
trino masses, nevertheless, both these possibilities have
the B − L violating scale embedded in them which can
be probed by the B − L violating nucleon decay modes.
Conclusion— In conclusion, we have shown that the
effective B − L violating couplings of scalar and vector
leptoquarks can naturally induce dimension seven B−L
violating nucleon decay modes. The decay lifetime of
such B−L violating nucleon decay modes are sensitive to
the ratio of effective coupling proportional to the B − L
breaking scale and the mass scales of the leptoquarks.
Consequently, a discovery of a d = 7 B −L violating nu-
cleon decay mode will certainly provide a strong evidence
in the favor of leptoquark new physics and complimented
by the upcoming results from the B-factories and the col-
lider searches such observation can potentially probe the
B − L breaking scale as high as 1011 GeV, paving way
for a new baryogenesis mechanism and giving interesting
hints towards our understanding of neutrino masses.
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